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Abstract
The back reactions of Hawking radiation allow nontrivial correlations between
consecutive Hawking quanta, which gives a possible way of resolving the paradox
of black hole information loss known as the hidden messenger method. In a recent
work of Ma et al [arXiv:1711.10704], this method is enhanced by a general derivation
using small deviations of the states of Hawking quanta off canonical typicality. In
this paper, we use this typicality argument to study the effects of generic back
reactions on the quantum geometries described by spin network states, and discuss
the viability of entropy conservation in loop quantum gravity. We find that such
back reactions lead to small area deformations of quantum geometries including
those of quantum black holes. This shows that the hidden-messenger method is
still viable in loop quantum gravity, which is a first step towards resolving the
paradox of black hole information loss in quantum gravity.
∗E-mail: kankuohsiao@whu.edu.cn
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1 Introduction
The paradox of black hole information loss due to the thermal nature of Hawking radiation
[1] has refused a final resolution for more than forty years. The attempts to understand
this paradox have brought about both numerous stimulating ideas and many concrete
theoretical models for black holes and quantum gravity. See e.g. [2] for reviews of various
calculable proposals to resolve this paradox.
Since the original arguments leading to the paradox given in [1] (and of course the
derivation of Hawking radiation) are semiclassical, the first thought is to solve this prob-
lem also at the semiclassical level. This is what the majority of literatures focus on, the
reasons of which are that, on the one hand, for an asymptotic observer the quantum
effects can be effectively approximated by semiclassical descriptions, and on the other
hand, for a long period of time there are no full-fledged quantum theories of gravity
at our disposal. The most famous semiclassical prescription is perhaps the black hole
complementarity [3]. But the arguments of AMPS [4] add further complications to this
proposal by “fusing” the theory of black holes with quantum information theory. See [5]
for a review.
There is, however, a simple information-theoretical proposal known as the hidden
messengers [6], based on non-thermal radiations derived from the semiclassical tunneling
method [7]. The problem of the hidden-messenger approach is that it is too simple: the
argument for information conservation given in [6] is just the chain rule of conditional en-
tropy without enough details of the physical processes, and the derivation of non-thermal
radiation is restricted to the tunneling method which only calculates the tunneling rate
of Hawking quanta. The tunneling method has been enumeratively applied to all kinds
of black hole solutions in recent years, but surprisingly for linear dilaton black holes the
Hawking radiation calculated by the tunneling method is thermal [8]. In this case, the
hidden-messenger argument holds only if one further takes the quantum-gravitational
corrections into account. This poses the question of whether the hidden messengers are
semicalssical or fully quantum, which requires the knowledge of quantum gravity.
There are, of course, attempts to study the hidden messengers beyond the tunneling
picture. A recent example is [9] where the arguments are based on entropic gravity,
which is in a sense the easiest way out, because the information conservation arguments
via hidden messengers only deal with the black hole entropy. Recently, Ma et al [10]
present a simple way to derive the hidden-messenger arguments via (deviations from)
canonical typcality. This approach enables us to generalize the arguments to explicit
theories of quantum gravity. In this work, we consider the existence of hidden messengers
in the spin network states of loop quantum gravity via canonical typicality. As a proof
of principle, we show that in the kinematical Hilbert space of spin-network intertwiners,
a small deformation from the typical spin network state studied in the recent works of
Anza and Chirco [11] allows a local hidden messenger to inform such a deformation.
This is qualitively true both for black-hole-like configurations and for ordinary quantum
geoemtries, which therefore shows in loop quantum gravity the viability of the entropy
conservation by back reactions.
In Sec. 2, we first critically review the hidden-messenger arguments for the information
conservation of black holes, and then single out the simple derivation via typicality. In
Sec. 3, after recalling the typical spin network state, we perform a second trace on
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this typical state and show the existence of hidden messengers both by considering the
form of probability and by evaluating the mutual information. It turns out that the
hidden messengers correspond to the closure defects of the quantum geometry as the
area deformations of the quantum polyhedra. Further remarks are presented in Sec. 4.
2 Hidden messenger in Hawking radiation: general
arguments
The so-called hidden messenger in Hawking radiation means the correlation between two
consecutive Hawking quanta. The existence of such correlations is simply due to the fact
that when we take into account the energy conservation during the Hawking radiance,
the emission rate of Hawking quanta is proportional to e∆S where ∆S is the change in
the black hole entropy. The formula in the tunelling method are not necessarily needed
for the purpose of information consevation. These facts already exist implicitly in [12].
To see this, let us consider the following schematic derivation:
Firstly, the emission rate of Hawking radiation is generically of the form Γ ∝ e∆S,
where S is the black hole entropy which could be the Bekenstein-Hawking entropy or
others with corrections. Now suppose the prefactor of the probability P (∝
∫
Γdt) has
been taken care of and set to 1, then we can write the probability P (E1) ≡ e
S(M−E1)−S(M)
for the first emission with energy E1 from the black hole with mass M , and for the
second emission as the conditional probability P (E2|E1) ≡ e
S(M−E1−E2)−S(M−E1). It is
easy to show that P (E1, E2) = P (E1)P (E2|E1) = P (E1 + E2), and by the chain rule
one has P (E1, ..., En) = P (
∑n
i=1Ei) which through exponetiation entails the so-called
conservation of entropy.
Till now we have not mentioned the hidden messengers, the correlations between
Hawking quanta. This is because the form e∆S already includes the back reactions.
To reveal those hidden messengers, one simply considers the correlation between the
probabilities of two consecutive Hawking quanta
C(E1, E2) = lnP (E1 + E2)− ln[P (E1)P (E2)] = lnP (E2|E1)− lnP (E2) 6= 0. (1)
This is not surprising in view of the back reactions and the energy conservation. The
picture of the hidden-messenger proposal thus returns to the unitary picture of burning
paper. A nice way to understand this unitary picture is the so-called Bohr-like approach
to black hole physics [13]: semiclassically a black hole is the gravitational analog of Bohr’s
hydrogen atom with Hawking radiations as gravitational “electrons”, and its unitary time
evolution is effectively described by a time dependent Schro¨dinger equation.
As we can see now, the hidden-messenger arguments are only information-theoretical
and not dependent on the physical models involved. (Even the discrete nature of the
spectrum of Hawking radiation is a model-independent quantum feature [14]). We can
understand the word “messenger” as the definable conditional probability due to the
effects of the back reactions of Hawking radiation. But these conditional probabilities
are also definable for burning papers. So if we forget the physical models, the hidden-
messenger arguments will say nothing about the black hole physics. In this sense, these
messengers are still “hidden”. Notice that the relation Γ ∝ e∆S can be obtained from
several different appraoches [7, 10, 15]. One can work with those explicit models and
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interpret the back reaction of Hawking radiation on geometries as physical messengers.
But there are still some complications:
1. The arguments in support of the information conservation are physically rather
vague. If one interprets the black entropy as the entanglement entropy of entangled
states across the horizon, then the recovery of information is the recovery of the
whole entanglement (or entangled pairs) which cannot be obtained soly by those
outgoing quanta. On the other hand, if one interprets the black hole entropy as
the Boltzmann entropy of the microstates, then what need to be recovered are
these configurations of microstates instead of their entropies. (The attempted in-
terpretation given in [16] is a kind of circular logic that one recovers the initial
configurations identified from the final entropy formula.) The point is that en-
tropies only mathematically measure the information, and what are physical are
those quantum states carrying information. It is therefore necessary to return to
physical models to reconsider the hidden messengers themselves.
2. Recent progress on the semiclassical Einstein equations shows that the back reac-
tions of Hawking radiation will deform the near horizon geometry into a geometry
without event horizon [17]. This challenges many conventional calculation methods
such as the tunelling method, although the picture of back reaction will probably
still be valid.
In order to forward the hidden messengers, working in new frameworks will be helpful.
So let us recall the approach via canonical typicality recently presented in [10]. Consider
the total Hilbert space HU = HS ⊗ HE where HS stands for the Hilbert space of the
small system and HE for the Hilbert space of the large environment. The system could
be a black hole, and in that case one can impose the global (in the sense that they
are macroscopic) constriant R as the energy (or other hairs) conservation during the
evaporation process. This constraint picks a subspace HR out of HU . By canonical
typicality [18], for any |φ〉 ∈ HR, the reduced state of the system is closed to the canonical
state
ρS(φ) = TrE(|φ〉 〈φ|) = TrE(1R/dR) (2)
where 1R is the projector ontoHR and dR = dimHR. Now suppose a black hole described
in HS has energy Eb and the Hawking radiation in HE has energy Er, i.e. HR = Hb⊗Hr,
then the constraint is simply Eb + Er = E with E being the total energy for states in
HR. Consequently, the state of Hawking radiation is
ρr = TrbρS(φ) =
∑
r
dR − dr
dR
|r〉 〈r| =
∑
r
e∆Sb |r〉 〈r| , |r〉 ∈ Hr, (3)
where Sb is the Boltzmann entropy of the black hole. The probability thus retains the
form e∆S.
Again, to fully appreciate this approach, we need to know the details of these Hilbert
spaces. In the following section, we will work with a concrete model in loop quantum
gravity. The goal is to see the physical contents of these messengers in concrete quantum
gravity models on the premise that the entropy conservation holds.
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3 Kinematical messenger in spin network states
The spin network states form a basis of the kinematical Hilbert space of loop quantum
gravity. They also encodes the discrete quantum geoemtries. For a rigorous treatment
one is referred to the monographs [19]. Pointedly stated, the kinematical Hilbert space
of loop quantum gravity is defined on a background independent graph γ with E edges
and V vertices. To each edge e is assigned a half-integer je which labels an irreducible
representation of SU(2), the gauge group of loop quantum gravity. The corresponding
representation space V je is of dimension (2je+1). Since the edges intersect at the vertices,
to each vertex v is assigned an intertwiner Iv : ⊗e∋vV
je → C, the invariant tensor. For
fixed je the intertwiners form a Hilbert space Hv,je with intertwiners |Iv〉 ∈ ⊗vHv,je .
Then the spin network states |γ, {je}, {Iv}〉 form a basis of the kinematical Hilbert space
Hγ = L
2(SU(2)E/SU(2)V , dµHaar) =
⊕
je
⊗
v
Hv,je. (4)
The spin network basis is in fact an orthonormal basis. Indeed, the projections of inter-
twiners onto the SU(2)E/SU(2)V connection representation define the spin network wave
functions
ψ{je},{Iv}[ge] = 〈ge|Iv〉 = Tr
⊗
e
Dje(ge)
⊗
v
Iv, ge ∈ SU(2) (5)
where the Wigner D-matrices have orthogonality. By choosing the basis of intertwiner
Hilbert spaces, one gets the orthonormality. The actions of geometric operators on the
spin network states will give quantized discrete spectra. For instance, the area operator
acts like
Aˆ |γ, {je}, {Iv}〉 = ℓ
2
pje |γ, {je}, {Iv}〉 , ℓp : Planck length. (6)
With these in mind, let us turn to the typicality in spin network states [11]. Consider
the total Hilbert space of N edges each spin of which is bounded by a constant J ≫ 1.
Suppose the system has k edges and the environment has N−k edges with N ≫ k. That
is, we consider the Hilbert space
H =
⊕
je6J
N⊗
i=1
V ji =
⊕
je6J
{⊕
q,r
[(
V q ⊗ V r
)
⊗
(
d{jS}q ⊗ d
{jE}
r
)]}
≡ HS ⊗HE, (7)
where we have used the fact that the tensor product of irreducible representations can
be decomposed into the direct sum⊗
i
V ji =
⊕
q
V q ⊗ d{ji}q , d
{ji}
q : degeneracy spaces of spin-q. (8)
Next, the SU(2)-invariant N -valent intertwiners form a Hilbert space H
(J)
N with con-
stant total area J(=
∑
e je) [20]. (This is the inrreducible representation space of U(N),
which is the starting point of the spinorial/twistorial representation of loop quantum
gravity.) We can therefore impose the global constraint by fixing a constant total area
J0 such that HR becomes
HR = H
(J0)
N =
⊕
JS6J0
⊕
| ~JS |
{( JS⊕
{jS}
d
{jS},| ~JS |
k
)
⊗
(J0−JS⊕
{jE}
d
{jE},| ~JS |
N−k
)}
(9)
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where the V ’s are contracted by the single N -valent intertwiner due to the SU(2) invari-
ance, | ~JS| is the total angular momentum of the system as the closure defect (meaning
the breaking of the closure constraint), and the sum over {j} keeps the total area. As
we can see from (9) this is semidecoupled in the sense that an intertwiner is splitted into
two intertwiners one of which is in the system S and the other in the environment E
with an internal edge connecting them. The edges in S and E are coupled within S and
E respectively, and the internal edge couples S and E carrying | ~J |S. The semidecoupled
basis of HR is then
∑
MS
(−1)|
~J |S+MS√
2| ~J |S + 1
|{jS, jE}; σS, ηE, | ~J |S,MS; | ~J|S,−MS〉 =
=
∑
MS
(−1)|
~J |S+MS√
2| ~J |S + 1
|{jS}; σS; | ~J |S,MS〉S ⊗ |{jE}; ηE; |
~J|S,−MS〉E (10)
where MS is the projection of | ~J |S along the “z-axis”, ηE, σS are the SU(2) recoupling
quantum numbers, and the kets in (10) are coupled bases in the angular momentum rep-
resentation. Then the projector onto HR can be expanded in terms of the semidecoupled
basis,
1R =
J0∑
{jS ,jE}
∑
σS ,ηE
∑
| ~J|S ,MS ,M
′
S
(−1)MS+M
′
S
d|~J|S
×
× |{jS, jE}; σS, ηE, | ~J |S,MS; | ~J |S,−MS〉 〈{jS, jE}; σS, ηE, | ~J |S,M
′
S; | ~J |S,−M
′
S|
(11)
where d|~J|S = 2|
~J |S + 1. The dimension dR is given by the dimension of the irreducible
representation of U(N) with the highest weight [J0, J0, 0, ...],
dR =
1
J0 + 1
(
N + J0 − 1
J0
)(
N + J0 − 2
J0
)
. (12)
The canonical state can be readily calculated as
ρS =TrE(1R/dR) =
=
∑
JS6J0/2
∑
σS ,| ~J|S ,MS
JS∑
{jS}
DN−k(| ~J |S, J0 − JS)
d| ~J|SdR
|{jS}, σS, | ~J|S,MS〉S 〈{jS}, σS, |
~J |S,MS| ,
(13)
where the canonical weight
DN−k(| ~J |S, J0 − JS) =
J0−JS∑
{jE}
∑
ηE
∑
| ~J|E
δ| ~J |S ,| ~J|E =
=
d| ~J|S
| ~J |S + J0 − JS + 1
(
N − k + | ~J |S + J0 − JS − 1
| ~J |S + J0 − JS
)(
N − k − | ~J|S + J0 − JS − 2
−| ~J |S + J0 − JS
)
.
(14)
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In (14) we have used the dimension formula of the U(N) representation with the highest
weight [l1, l2, 0, ...] where l1 − l2 = 2| ~J |S, l1 + l2 = 2JE. The dependence of | ~J |S in (14)
shows the local correlation structure preserving the global constraints which are broken
by the splitting of the intertwiner. This already indicates the existence of the locally
hidden messengers.
The typicality requires the trace distance D(ρ, ρS) between an arbitrary pure state ρ
in HR and the canonical state ρS is very small. This restricts the range of parameters
such as J0 and N . As has been shown in [11], in the large area limit J0 ≫ N with J0/N
finite suitable for semiclassical black holes, there is a wide range of parameters where
the typicality holds. In this regime, the von Neumann entropy of the system’s canonical
state has the leading order contribution
SJ0≫N≫1 ∼ 2k
(
1 + log
(J0
N
))
+ .... = ln
(
e(
J0
N
)1/ ln 2
)2k
+ ... (15)
This entropy is extensive in k, the number of edges or dually the elementary area patches
in the system S. This is consistent with the quantum picture of black hole horizon
proposed in [21] since it is in the form of a logarithm of a dimension of some effective
degeneracy space. On the other hand, the large N regime is of interest for quantum
gravity. In this case the system’s von Neumann entropy is shown in [11] to be
SN≫J0≫1 ∼
(
1 + log
(N − k
J0
))
〈2JS〉+ .... ≡
1
T
E + ... (16)
where the last expression comes from the Schwinger boson representation of SU(2) spin
networks [20] where the energy of a pair of oscillators on an edge equals the the spin on
that edge.
In [21], the evaporation of a black hole is described kinematically as the detachment of
a pair of (spin-1
2
) qubits (living on a single area patch) from the horizon. By detechment
it means that j = 0 on the edge connecting this pair to the rest of spin networks, or
equivalently there is no edge between these two parties. In the present case, we consider
the detachment of area patches as decoupling some edges in the system S. In other words,
we further decompse HS as if there is only (k − r) edges in S,
HS =
⊕
| ~J |S
{(JS−Jd⊕
{jS}
d
{jS},| ~J|S
k
) Jd⊗
{jd}
V jd
}
≡ Hb ⊗Hd, (17)
where jd is the spin on the decoupled edge. Notice that in this decomposition the SU(2)
invariance is broken outside Hb, because the Hawking radiation, if any, should be a
dynamical effect and hence not in the kinematical Hilbert space. Meanwhile, the breaking
of the global constraint of energy conservation will induce an internal edge carrying closure
defect | ~J|d. The coupled basis can then be expanded with the help of CG coefficients,
|{jS}, σS, | ~J |S,M〉S =
∑
M
∑
md
C
| ~J |d,M−md,jd,md
| ~J |S ,M
|| ~J|d,M −md, jd, md〉 . (18)
We can now trace over the remaining coupled edge, as in (3), so as to get the state of the
“Hawking radiation”. Since the Hilbert space Hb still carries the U(k−r) representation,
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the trace gives rise to another canonical weight function D. By the splitting of sum
JS∑
{jS}
→
∑
Jd6JS/2
Jd∑
{jd}
JS−Jd∑
{jb}
,
we have
ρd = TrbρS =
∑
JS6J0/2
∑
| ~J|S ,M
DN−k(| ~J |S, J0 − JS)
d|~J|SdR
×
×
∑
Jd6JS/2
Jd∑
{jd}
∑
| ~Jd|,md
C2(M, jd, md)Dk−r(| ~J |d, JS − Jd) |jd, md〉 〈jd, md| (19)
where the C are CG coefficients. Again, the closure defect | ~J |d retains the global con-
straint of energy conservation.
The total weight in (19) is expected to be proportional to e∆S. To see this, we first
notice that when JS ≫ Jd (or equivalently k ≫ r), the deviation from the canonical
state ρS is small and hence ρb will remain typical. The entropy of the remaining system
b is therefore maximal and proportional to lnDk−r(| ~J |d, JS − Jd), which means that the
angular momentum basis of the intertwiner Hilbert space provides a complete description
of the configurations of a “black hole”. We can then take the weight in ρd as the deviation
from the canonical weight near that in ρS and repeat the approximation of the dimension
function D performed in [11] to extract the form e∆S. Also notice that we are dealing
with the spin network states describing arbitrary quantum geometries instead of those of
black holes. So in order to describe black holes, we should restrict ourselves to the regime
where the entropy of b obeys the area law even though it can be expressed as lnΩeff for
some effective dimension Ωeff (cf. also the second paper of [11]). In the typicality regime,
either the entropy (15) or (16) follows the area law: SJ0≫N≫1 is extensive in the number
of area patches and respectively the 〈2JS〉 ∼ E = 2A in SN≫J0≫1 are quantized areas.
But only (15) allows a Boltzmann form. Hence, the reduced state (19) can be expressed
schematically as
ρr ∝
∑
r
Ωb
ΩS
|r〉 〈r| =
∑
r
e∆S |r〉 〈r| (20)
where 1/ΩS comes from the term DN−k(| ~J |S, J0 − JS)/(d| ~J|SdR) as a consequence of
typicality, and the form of Ωb can be roughly seen from the Stirling approximation,
log
(
Dk−r(| ~J |d, JS − Jd)
)
∼ log
( eJS
k − r
)2(k−r)
+ ... (21)
where we have assumed JS ≫ k ≫ 1, the large area limit. Different from the entanglement
entropy in (15) and (16), we interpret lnΩb as the Boltzmann entropy of the “black hole”
b. Therefore, the probability of “Hawking radiation” is proportional to e∆S, at least
formally in the large area limit.
The form e∆S allows us to apply the arguments for entropy conservation of the last
section. Since the back reaction are ubiquitous, we expect these arguments still apply
in non-black-hole regimes. For instance, the system-bath coupling in ordinary quantum
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systems is a similar structure [22]. A crude way of seeing this is to consider the mutual
information between two consecutive parts of “radiation”, say r1 and r2. By the definition
of the D functions, we have
log
DN−kDk−r1−r2
DN−kDk−r1DN−kDk−r2
= log
Dk−r1−r2
Dk−r1Dk−r2
− logDN−k 6= 0. (22)
In fact, the term logDN−k appears in the von Neumann entropy of ρS, and hence we
can consider a term like logDk−r1 as proportional to the entropy of an effective system
(obtained from the first trace) with k − r1 edges as long as k ≫ r1. This way (22) holds
in that, as a matter of principle, Sk−r1−r2 − Sk−r1 − Sk−r2 − Sk 6= 0. As an example,
consider the large number-of-edge limit N ≫ J0, k ≫ Jd where the system’s entropy is
given by (16). If we further assume r1, r2 ≪ k, the inverse temperatures of “radiations”
can be taken as identical so that (22) means
βr(〈2(Jd1 + Jd2)〉 − 〈2Jd1〉 − 〈2Jd2〉)− const. 〈2JS〉 ∼ −ES 6= 0. (23)
We thus qualitively see that the mutual information is non-vanishing.
In particular, since the large number-of-edge limit the entropy (16) is consistent with
the Schwinger representation of SU(2) spin networks, we can generate the closure defects
by the deformation operators [23]. Indeed, in the Schwinger boson representation [20],
an edge in a spin network is replaced by a pair of quantum harmonic oscillators with
annihilation operatos (ai, bj) (with the ·ˆ omitted) which form the basis of a quantized
spinor. Without going into the details of the spinor representation, we can consider the
generators of u(N), in view of the U(N) representation of intertwiners,
Eij = a
†
iaj + b
†
ibj . (24)
Then the Casimir of this u(N) is the deformation operator
E2 =
1
2
∑
i,j
EijEji =
1
2
E2ii +
1
2
Eii(N − 2) + C
2 ≡ A2 + |J |2 (25)
where A = 1
2
Eii is the area of the boundary, C
2 is the su(2) Casimir operator, and
|J |2 is the closure defect. Likewise, for the cross product Fij = aibi − biaj, one has
F 2 = A2 − |J |2. Now that the total energy of the oscillators are E =
∑
iEii, we see
that the small deformation by the closure defects will give rise to a change in the entropy
given in (16). So even in the non-black-hole case, by the canonical typicality the small
deformation in energy at the density matrix of a U(N) intertwiner’s edge still resume the
coefficients e−β∆〈E〉 ∼ e∆S.
Notice that in [21] the entanglement between a detached area patch and the rest spin
networks is zero. On the contrary, here detaching an edge results in a closure defect on
the virtual link, and hence the mutual information is nonzero. The correlation shown in
the mutual information is in fact the sum of the intertwiner entanglement between two
splitted intertwiners, the spin entanglement on the internal virtual edge as is distinguished
in [24], and possibly other types of quantum correlations. In [24] the spin entanglement
on a spin network edge is argued to be unphysical since it breaks the gauge invariance.
Here, as has been emphasized in [11], it is exactly the breaking of global constraints when
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one traces out some subsystem that induces such local structures of correlation. This spin
entanglement on the virtual internal edge, with entnaglement entropy S = ln(2| ~J |d + 1),
plays the role of a messenger who preserves of the global constraint of energy conservation.
In this sense, we have qualitively recovered the arguments about energy conservation and
back reactions in the last section.
4 Concluding remarks
In conclusion, we have studied in this paper the viability of the hidden-messenger ap-
proach to the paradox of black hole information loss in the quantum gravitational descrip-
tions of black holes. The technique we exploit is the small deviations from the canonical
typicality given by Ma et al recently, instead of the original one using the tunneling
method. An emphasis has been put on the back reactions of Hawking radiation and their
effects on deforming quantum geometries. We applied this technique to the kinematical
Hilbert space of spin-netwrok intertwiners and found that in a black-hole-like regime the
probability of Hawking radiation formally allows the existence of hidden messengers. This
is also true for ordinary quantum geometries as can be seen from the nonvanishing mu-
tual information between consecutive radiated states. Therefore, the hidden-messenger
appraoch to the problem of black hole information loss is implementable in loop quan-
tum gravity. Moreover, we identified the messengers as the small deformation in quantum
geometry, which gives a concrete meaning to them.
It is desirable to describe Hawking radiation in terms of the full dynamics of quantum
gravity. Pranzetti [25] has applied Thiemann’s solution to the Hamiltonian constriant of
loop quantum gravity to the near horizon region, and used grand canonical ensemble of
the spin-network punctures to describe the changes in the spins of puncturing edges. Two
edges p, q of the bulk spin netwrok are changed into p → p− 1
2
, q → q ± 1
2
that piercing
the horizon with an spin-1
2
edge inside the horizon, so that the intensity of the (energetic)
spectrum lines are changed to have a thermal envelope. From viewpoint of this paper,
the changes of spins in the edges piercing of the horizon resulting in effectively new punc-
tures should cause small area deformations of the local area patches, which in principle
resumes the hidden-messenger arguments of entropy conservation. The deviation from
thermal envelope will be a possible signature of such effects, as the Bose-Hubbard model
of intertwiner dynamics [26] may suggest. (In a recent paper [27], the mutual information
appeared in the entropy conservation arguments is called “dark” in the sense that they
are unobservable just as dark energy. In view of the possible phenomenological effects of
discrete quantum geometries, their assertions are too hasty to be made.)
Can we conclude that the black hole information paradox is then resolved in quantum
gravity? Unfortunately, we still can not. As we have mentioned above, the hidden-
messenger arguments only ensure the entropy conservation. To resolve the the paradox,
the conservation of information in the mathematical sense is not enough, although it is
of course necessary. By saying information, we are really interested in what the infor-
mation is about. In the case of black holes, we are interested in, for example, what the
infalling and asymptotic observers will see. The entropy conservation does not say much
about these aspects. Although we have shown that these messengers are deformations
of quantum geometry, this is only a proof of principle. In order to find more operational
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criteria, one still has much work to do.
Finally, let us also remark on the intertwiner and spin entanglement: As we have
mentioned, in [24] the spin entanglement on a spin network edge is argued to be unphysical
due to its breaking of the gauge invariance. But the statistical origin of the black hole
entropy is usually explained in loop quantum gravity as due to the topological defects
coming from the punctures of spin-network edges on the horizon (see e.g. [19]). It is an
old story [28] that such a horizon breaks the gauge symmetry and generates topological
defects on the horizon. So there seems to be a contradiction as pointed out in [24]. The
hidden messegers revealed in this paper provides another way to understand this issue:
the black hole horizon with spin networks’ punctures indeed breaks the gauge symmetry,
but it is so locally on the puncturing edges which, as messengers, inform the preservation
of the global gauge invariance. Since these messengers arise in the physical picture like
Hawking radiation, the question arises as to whether the origin of black hole entropy, if
it can be described by the topological defects on the horizon, is dynamical.
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